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Other CMB Experiments
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Planck Power Spectrum
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Parameters Change CMB Power

Credit:Wayne Hu Neelima Sehgal, Stony Brook



[I(+1)C,/27m] / uK?
2000 4000 6000 8000

[L@+1)C,/27] / uK®

10*

0

8000

4000

0

0, h*=0.08
0,h%=0.005

10

2000

[i(i+1)c,/2m] / uK®
2000 4000 6000 8000

[L(+1)Cy2m] / uK®

104

0

6000

4000

2000

2— -
th.m0x>

B o e
n_h"=0.05

Credit: Anthony Challinor



CMB Polarization

From Lambda website

Polarization: How It Works
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First Results from ACTpol
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Dark Matter Annihilation During
Recombination

Recombination

Image Credit: William Kinney Neelima Sehgal, Stony Brook
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Effect of Dark Matter Annihilation on CMB
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Universal Energy Deposition Curve

- - w/o Sys. Corrections
— w/ Sys. Corrections f(Z) — O{’l er(Z)
1.5¢ 1 1—=1
_ 41
T o) \ |
f(z) =) Biei(z)
0.5} | =1
ool (31 gives 99.9% of CMB power
‘10 10° 10 10! 10°

Redshift z spectrum variance

Neelima Sehgal, Stony Brook



Current Constraints
feft (o)

- 22 - i i i | i i i | i i i | i i i R
10 : ] Pann X M
: ' X
'I O— 23 - ]
i :
‘T : This cross section
v 10”24 1 gives right amount of
mE : | dark matter today if
O _ : ) perfect energy
'X' 10~ 25 j o _E absorption (fer=1)
> : /
= 10_265 : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,_:
g i e | DM candidates favored by
' < R ! direct and indirect searches
10~ 27 - /,//’: : : : B Fermi Inner Galaxy E
T L | B AMS-02/PAMELA/Fermi ]
ol ' B ! Direct Detection:
)8 : : : : S CDMS, CoGeNT, CRESST, and DAMA | |
1 O— L L L L L PR | L L L MR | f f f f | 1 f 1 f f M
10° 10! 107 10° 10*

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints
feft (o)

- 22 - i i i | i i i | i i i | i i i R
10 : § Pann X M
: ' X
1072 f
i :
I _
v 107 24 g . .
o : This cross section
& _ gives right amount of
M, 1025 dark matter today if
A expected energy
§ absorption (fef ~ 0.2)
— 26
= 107 1 |
g 2 . DM candidates favored by
[ g | ! direct and indirect searches
10~ 27 3 /,/”: : : : B Fermi Inner Galaxy E
T T | B AMS-02/PAMELA/Fermi ]
A ' B ! Direct Detection:
-8 : : : : SR CDMS, CoGeNT, CRESST, and DAMA |
‘I O— . . . — M| . . — a1l L L L 1 1 L 1 L —
100 10 102 103 10

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints

10_ 22 3 i i i | i i i | i i i |
1072
Icn 10~ 24¢
™M i Latest constraint using
é | WMAP9+Planck+ACT
— 1025} +SPT+BAO+HST+SN
/\ [
> S\ il L B R
1072 f . esmaoawst Yi—oa 17
g , . DM candidates favored by
' N ! direct and indirect searches
10~ 27 E : : : : B Fermi Inner Galaxy E
i : : : : B AMS-02/PAMELA/Fermi '
# Direct Detection:
10~ 28 | : . : : : | = cgfﬂé, C:GEE'II'?QRESST, and DAMA | |
10° 10 102 103 10

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints

1 O_ 22 3 i i i | i i i | i i i |
10”43 ¢
lm 10~ 24¢
™M . Latest constraint using
é _ WMAP9+Planck+ACT
-X- 10-25F +SPT+BAO+HST+SN
> R P e e *from CMB
 107%%F f | o=mdoraws' V=02 1 7
g , . DM candidates favored by
' N ! direct and indirect searches
10~ 27 E : : : : B Fermi Inner Galaxy E
i : : : : B AMS-02/PAMELA/Fermi '
# Direct Detection:
-8 : : : : = cgfﬂé, C:GEE'II'?QRESST, and DAMA | |
1 O— . . . — M| L L — a1l L L L P | 1 L 1 L 1
10° 10 102 103 10

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints

10_ 22 3 i i i | i i i | i i i |
1072
Icn 10~ 24}
™M i Latest constraint using
é | WMAP9+Planck+ACT
— 10-25} +SPT+BAO+HST+SN
A :
> W e *from low-redshift data
 107%%F f © o=maoraws' V=02 13
g , . DM candidates favored by
' N ! direct and indirect searches
10~ 27 E : : : : B Fermi Inner Galaxy E
i : : : : B AMS-02/PAMELA/Fermi '
# Direct Detection:
10~ 28 : . : : : | = cgfﬂé, C:GEE'II'?QRESST, and DAMA | |
10° 10 102 103 10

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints

10~ 22¢ —_— ————rr —————
10~ 23 _ =
IV) 10~ 24 F
™M i
&
= s
A 107
>
9
e 107% o
g . DM candidates favored by
[ T ! direct and indirect searches
10~ 27 E | : : : B Fermi Inner Galaxy E
i L ! B AMS-02/PAMELA/Fermi '
| | | | i ion:
, L ! : = E[)r:/lcét, E:éEEtT?QRESST, and DAMA | |
10_ ] | | A | . . PEE—————  m— | EE—E————
P | 100 10 107 103 10*
dNCK MX [GeV]
forecast

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Current Constraints

1 O_ 22 3 ' ' ' ' L ' ' ' ' L ' ' ' ' L
1072 f
I _
mm 1 O_ 24 § ;
O _ _
2 o AdvACTpol
> [
v 10- 26 : 7
g i e | DM candidates favored by
[ < B : direct and indirect searches
10~ 27 - /,/”: : : : I Fermi Inner Galaxy E
T L | B AMS-02/PAMELA/Fermi ]
A ' I ' Direct Detection:
)8 : : : : . CDMS, CoGeNT, CRESST, and DAMA | |
1 O— . . . . . P | L L L PR | L L L L PR | 1 f 1 f f M
109 10’ 102 103 10*

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



PAMELA/Fermi/AMS-02

I A/ / —
eg. DM+DM — A'A", A —eTe™, ptpu~, nhnm
Arkani-Hamed et.al., Pospelov & Ritz
(based on fit by Cholis & Hooper, 1304.1840)

1072 puaass s s LL L
1072 f
| | :
I _
v ] O_ 24 i
ME i
M, '
A 10~ 25 |
N _
9 I - I I I
— dark matter | [
- 10 26; > : - o=3x10%cam’s’ Vf =02 ]
g e | DM candidates favored by
[ B ' direct and indirect searches
10~ 27F /,/”: : : : B Fermi Inner Galaxy =
o L0 | q AMS-02/PAMELA/Fermi ]
/’// I I I I tDetectiom: >
‘ A ! CDMS, CoGeNT, CRESST, and DAMA '
10_ N | . o - .
109 10 102 103 104

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Fe rm i I n n e r G a' I aXy variouikzzllalzlgiators
DM + DM — hadrons/leptons

1 O_ 22 3 i i i o T i i i o T T i i i o T
1072 f
i :
| |
v 10724 |
mE _
M, |
> W e
N 10_26§ ,,,,,,,,,,,, | . o=3x0%amist Vf,=02 1 - 7
g | DM candidates favored by
27' : : : direct and-indirect searches
107“"¢ | | | ¢ E
i o~ | I | I  AMS-02/PAMELA/Fermi
pr-” R ! Direct Detection:
-8 : : : : W DS, CoGeNT, CRESST, and DAMA | |
10— | L L L MR | f f f f | 1 f 1 f f M
10° 10! 107 10° 10*

M, [GeV]

Madhavacheril, NS, Slatyer 2014, PRD, (1310.3815) Neelima Sehgal, Stony Brook



Conclusions

® Dark matter annihilation constraints from CMB
and Low-z data have been updated

® New limits are a factor of 2 better than before
® Constraints are probing interesting regimes

® Future reach of Planck and Advanced ACTpol is

exciting- may find/confirm a DM signal with
CMB



